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SPEAR3 Light Source
BoosterIn an intense beam, particles start to spread out from 
the core of the beam. This spreading of particles to 
the outside creates a beam ‘halo’. The unwanted halo 
particles can have detrimental effects to nearby 
machinery and personal. The issue with understanding 
beam halo lies with its low intensity compared to the 
core beam. In order to analyze the halo, we use a 
Digital Micromirror Array device (DMA) to block out 
the core. In this case  the halo of the visible beam 
coming from the SPEAR3 synchrotron is imaged onto a 
CCD camera.  The process is similar to imaging the 
corona around the sun.
Methods
The SPEAR3 Synchrotron accelerates electrons which in turn give 
off radiation from infrared to hard x-rays. SPEAR3 is continually 
injected with more electrons. Our goal was to block out the visible 
beam of radiation coming  from SPEAR3 to analyze the injected 
beam. In this case the injected beam is our ‘halo’. To block out the 
core beam a  Digital Micromirror Array device (DMA) was to be 
used. The DMA is comprised of 1024 x 768 pixels  each containing a  
small13.68um x 13.68um mirror.  Each pixel lies on an individually 
controlled diagonal axis that can tilt  positive-negative 12 degrees. 
By focusing the beam on the DMA, we could direct the core beam 
away from our CCD camera while still allowing  the ejected beam 
to strike the CCD. 
Introduction
The beam travels 16.39m from its source before it enters a 6 
inch diameter, 2m focal length lens giving a de-magnification of 
0.14. We needed an overall magnification of 0.5 to fit the image  
of the visible beam onto the DMA. To accomplished this the 
beam  was sent through two channels of optical magnification.  
For the first channel we used  two 50 mm focal length lenses  to 
create a  magnification of  M=3.47. Our second channel  had a 
one-to-one magnification with two 100 mm focal length lenses. 
Channel 2 focuses  the image of the visible  beam halo onto the 
CCD camera. The total system gave us  a magnification of 0.48.  
The DMA became unavailable to us so to improvise we used an 
Allen wrench to block out the core of the beam.
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Results
The images to right show the injected 
beam with no core beam (top) and with 
low intensity core beam (bottom). The top 
image is for the first 28 revolutions of the 
injected beam. Note the beam begins to 
smear by diffusion. Bottom image starts 
after 500 revolutions when the injected 
beam looks like a ‘cloud’ or ‘halo’. Then the 
halo damps down to the core. 
Unfortunately , we were not able to 
observe this effect in our setup because 
SPEAR3 was shut down for maintenance 
before we were able to retrieve any 
relative data on the injected beam (halo).
Injected beam, first 28 turns, each separated by 
780ns . No core beam. 10^8 electrons.
Injected beam after about 500 turns (all smeared out).
Next frames are every 0.5ms. Beam damps down to 
core shown in center.
time
Image amplified and fast electronic gate.
An air force target 
was used to find 
magnification. 
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